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Proposal for the National Children's Study on Congenital Human Herpesvirus 6 Infection

I. Proposed Core Hypothesis:

Human herpesvirus 6 (HHV6) acquired congenitally results in neurodevelopmental deficits
which may not be apparent at birth but rather are progressive, similar to the closely related
herpesvirus, cytomegalovirus (CMV).

The risk of developing neurodevelopmental deficits, including sensorineural hearing loss, is
partly dependent on the time of HHV6 transmission during pregnancy and virologic factors. Such
factors include the HHV6 variant (or strain) the state of replication of the virus in the cord blood,
the subsequent persistence in the infant, the sites of persistence, and the frequency of reactivation.

II. Work Groups:
e Primary Working Group: Infection, Immunity, and Vaccines.
e Potential Collaborating Work Groups: ~ Pregnancy and Infant, Repository

III. Contact:

Caroline Breese Hall, M.D.

Professor of Pediatrics and Medicine in Infectious Disease
University of Rochester, School of Medicine and Dentistry
Caroline Hall@urmc.rochester.edu

IV. Public Health Significance:

Congenital transmission of HHV6 occurs in 1% of births, the same rate as that of the closely
related Human herpesvirus, CMV. Congenital CMV infection is initially asymptomatic in 90% of
infants, but of these well-appearing infants approximately 15% will develop neurologic and/or
hearing deficits over the first several years of life. Congenital CMV infection currently is the major
identified cause of permanent hearing loss in children in the United States. Whether intrauterine
HHV6 infection can result in hearing loss and neurodevlopmental delays is unknown. However,
HHV6 has even greater tropism for the central nervous system than CMV”? and thus may cause an
appreciable proportion of the over 5,000 infants born each year in the United States with moderate
to profound bilateral hearing loss. Children with more subtle hearing deficits which are undetected
at birth and those with unilateral hearing loss add a significant, but unestimated, number of children
with permanent hearing loss.

Hearing loss acquired early in life can greatly affect a child's language, literacy, social, and
emotional development. The ages from birth to 5 years are regarded as the critical period for
development of language.”* Furthermore, it has been shown that normal hearing during the first 6
months of life is extremely important for normal acquisition of language and oral speech, and that
infants identified with hearing impairment by 6 months of age have significantly better language
outcomes than infants whose deficits are identified after 6 months of age.” However, the median
age of identification for permanent moderate to severe hearing loss in infants in the United States
has been 12 to 25 months.®’

In Rochester, NY, universal newborn hearing screening (as part of the New York State
Universal Newborn Hearing Screen Demonstration Project) indicated a prevalence of newborns
with severe to moderate hearing loss of 3.7 per 1,000.®> Another 2 to 3 per 1,000 children are
detected with permanent hearing loss over the next 2 to 3 years. Currently CMV is the most
frequently identified cause of congenital hearing loss; however, in the Rochester, New York State
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Demonstration Project over 90% of the infants had no identifiable cause of the permanent hearing
loss.

Congenital Human herpesvirus infections also may result in other types of neurologic and
developmental disabilities. The estimated prevalence of developmental disabilities ranges from
0.3-0.6/1,000 children for those with visual impairment to 75—150/1,000 children for those with
learning disabilities, and 6—13% of all children are estimated to have significant behavioral
disorders.” Currently the proportion of the disabilities related to or augmented by congenital
herpesviruses infections is unknown. Most programs who care for such children are aimed at the
diagnosis and therapeutic modalities available to manage children already severely compromised.
Efforts at preventing such disabilities have been confounded by the lack of information of their
causes, pathogenesis, and means of early recognition. Without such knowledge anticipatory
programs for prevention cannot be instituted. Identification of the potential etiologies and the risk
factors associated with congenitally acquired neurodevelopmental deficits could diminish the life-
long sequelae currently incurred by such infants and decrease the considerable health care costs
which occur from late diagnosis and management of disabilities which have already become
irreversible.

V. Justification for a large, prospective, longitudinal study

Intrauterine transmission of HHV6 has only recently been identified. HHV6 DNA has been
identified in 1% of cord bloods in one large study of approximately 6,000 cord bloods (Hall, 2002)
and at rates of 1-1.6% in several smaller studies.”””” Thus, little is known about congenital HHV6
infection, and no studies have examined the importance of congenital HHV6 infection or the
outcome of affected infants. Studies examining the subsequent course and outcome of infants with
congenital HHV6 infection are potentially problematic as primary HHV6 infection is not only
essentially a universal infection in the United States, but it occurs in about all children by 2 years of
age.” Thus, children who acquire their HHV6 infection by the intrauterine route versus those who
acquire it postnatally must be identified at birth by examination of the cord bloods and both cohorts
prospectively followed to determine whether the outcome is related to the mode of acquisition.
Furthermore, the neurodevelopmental abnormalities which may be associated with a congenital
infection may not be apparent at birth, but progressive, requiring sequential prospective evaluations
from birth. Cohort studies initiated later involving children with identified disabilities would not
allow determination of the role of HHV6 infection in outcome as most children will already have
evidence of HHV6 infection and the time of acquisition could not be determined retrospectively.

Investigation of the entire cohort of approximately 100,000 would be necessary because the
frequency of congenitally transmitted HHV6 infection is low (about 1% of births) and the incidence
of associated neurodevelopmental abnormalities is unknown. Furthermore, subgroup analysis
would be necessary to determine the risk of developing specific types of neurologic and
developmental deficits. In addition, congenital HHV6 infection may be a cofactor in the
development of abnormalities associated with other causes, such as with other herpesviruses since
in vitro and in vivo interactions of these viruses have been demonstrated.’*’%

Since the frequency of deficits associated with HHV6 is unknown, the best estimation may be
derived from the well studied observations of congenital CMV infection. As previously noted,
HHV6 and CMYV are closely related virologically and biologically. Of infants with congenital
CMYV infection who are asymptomatic at birth 10—-15% will later develop neurodevelopmental
abnormalities, approximately half of which are hearing loss. Although a similar incidence could be
hypothesized for congenital HHV6 infection, it is even possible that a greater rate of
neurodevelopmental abnormalities could occur with HHV6 since HHV6 infection appears to have a
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neurotropism and persistence in the CNS greater than that described for CMV.”? The occurrences
of congenital HHV6 and congenital CMV infections have been demonstrated to be 1%. Hence,
from a sample size of 100,000, 1% or 1,000 would be expected to demonstrate congenital HHV6
infection. If 20% of these infants develop neurodevelopmental disabilities, 200 could be identified
with abnormalities associated with congenital HHV6 infection. This cohort could be compared to
the other 800 with congenital HHV6 infection who are without such abnormalities and compared to
a third cohort of matched infants without congenital HHV6 infection who would be drawn from the
99,000 remaining infants who have no evidence of congenital HHV6 infection. These sample sizes
would allow determination of whether there is a significant association of neurodevelopmental
deficits in general with congenital HHV6 infection. The size of this sample also would be likely to
detect significant associations with specific types of neurodevelopmental abnormalities and
virologic factors, such as duration of persistence of HHV6 in peripheral blood mononuclear cells,
variant, frequency of reactivation, and markers of humoral or cellular immunity. For example,
sample sizes of 200 HHV6 cord blood positive (congenitally infected) infants and 200 cord blood
negative (uninfected) infants (400 total) would provide 90% power to detect differences in means of
0.32 standard deviation units (a small effect size) between the groups, using a two-tailed t-test at the
5% level of significance. This calculation applies to detecting differences in antibody levels, viral
load, and neurodevelopmental test scores at any time at or before 12—15 months of age.

VI. Scientific Merit

HHV6 and CMV are closely related herpesviruses, both virologically and biologically in their
ability to persist, reactivate, and cause congenital infection in about 1% of births. A reasonable
hypothesis is that HHV6, when acquired congenitally, also may result in a compromised neurologic
or developmental outcome. As with congenital CMV infection, most HHV6 congenitally infected
infants appear normal at birth, but with time, continuing HHV6 infection may lead to the
progressive development of sensorineural hearing deficits and developmental delay over the first
several years of life.”*! Neurologic abnormalities have long been associated with postnatally
acquired primary HHV6 infection. Furthermore, HHV6 has been shown in some children to persist
subsequently in the CSF and CNS.”? The course and outcome of children with congenitally
acquired HHV6 infection as well as those with persistence of the HHV6 genome in the CSF and
other body sites, have not been studied.

Compelling evidence, nevertheless, exists suggesting that congenital HHV6 infection may be
associated with subsequent neurodevelopmental disabilities. HHV6 and CMV are two of the most
closely related viruses within the herpesvirus family. Not only does the rate of intrauterine
transmission of these two viruses appear to be the same, but the mechanism of placental
transmission may be similar. Both viruses have been shown in vitro to infect human placental
syncytiotrophoblast cells”’, and HHV6 DNA has been documented in the genital tract of up to 25%
of pregnant and non-pregnant women, a rate similar to that reported for CMV DNA in maternal
cervical secretions.”” %%

Adverse outcomes after intrauterine HHV6 infection are additionally suggested by case reports
of infants who develop CNS disease and case reports identifying HHV6 DNA in aborted fetuses and
placental tissue.”’

The similarity of infants with congenital HHV6 infection to those with congenital CMV
infection is further suggested by some common clinical and virologic findings. At birth most
children with congenital HHV6 infection have been asymptomatic, as with CMV. Congenital
HHV6 infection is not accompanied by concurrent viremia which is consistently seen with primary
postnatal HHV6 infection, and congenital HHV6 infection as with congenital CMV infection is
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subsequently associated with more frequent persistence of HHV6 DNA in various sites, such as the
peripheral blood mononuclear cells and respiratory secretions. In our studies, levels of HHV6 IgG
antibody present at birth appeared to correlate with protection against infection. The protective role
of humoral antibody against infection has been clearly shown for CMV infection.”**’ However, in
contrast to congenital CMV infection, which occurs mainly from primary maternal infection,
congenital HHV6 infection occurs in previously infected women since primary infection is
universal during early childhood. Thus, congenital HHV6 infection presumably occurs from
reactivation of previous maternal infection. Determination of the virologic factors, such as viral
state of HHV6 when congenitally transmitted, therefore may be important as they may be indicators
of the risk for subsequent neurodevelopmental disabilities.

The risk of neurologic sequelae in certain patients may be augmented if HHV6 infection occurs
in utero during the critical periods of CNS development. Furthermore, HHV6's effect on the CNS
over time may be to engender neurologic dysfunction in domains subserved by its areas of
predilection, the temporal and frontal lobes, i.e. memory, attention, and behavior. Despite
numerous case reports of CNS manifestations associated with HHV6 infection no study to date has
assessed the subsequent developmental outcome or neurocognitive function associated with
congenital HHV6 infection. Either or both may be affected adversely by a neurotropic viral
infection early in life, and especially by one that persists in the immature developing CNS. A
protective study would help delineate the frequency and type of neurodevlopmental abnormalities
associated with congenital HHV6 infection, and the resulting burden in health care costs and
morbidity. Host and virologic risk factors may be able to be defined which may lead to early
detection and, more importantly, prevention of transmission of the maternal HHV6 infection to the
infant.

VII. Potential for innovative research

Since essentially no information exists on this newly recognized mode of transmission for
HHV6, intrauterine infection, multiple opportunities for productive and innovative research exist.
First, potential studies of congenital HHV6 infection offer the unique opportunity to study a
congenital viral infection acquired from reactivation of previous maternal infection, a means of
congenital viral transmission that has been little recognized or studied. Second, many virologic
characteristics of HHV6, such as persistence and variant, are of unknown clinical importance. For
example, only variant B has been shown to cause primary infection. However, our recent studies
have indicated primary infection with variant A may occur if infection is by the intrauterine route.
Similarly, the immunomodulating effect of HHV6, which has been shown to occur in vitro, may be
magnified in congenital HHV6 infection since it is acquired when the immune system is immature.
This may allow a better understanding of the clinical importance of HHV6's potential for affecting
the immune system throughout life. Additionally, an interaction of HHV6 with other herpesviruses,
especially CMV, has been clearly shown in transplant patients, and reactivation of HHV6 has been
associated with an increased severity of CMV disease.” 7> #' Similarly, in the fetus and neonate
coinfection of these two viruses may effect or augment the manifestations associated with either
congenital infection and help explain the variation in manifestations and sequelae associated with
CMYV infection.

VIII. Feasibility

The cohort of 100,000 newborns would allow sufficient sample size for the detection of
associated neurodevelopmental abnormalities at an acceptable level of significance as noted in
section V. We have developed laboratory assays appropriate for determining the virologic factors
which may be associated with the risk of intrauterine transmission and subsequent sequelae. Assays
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for detecting HHV6 DNA in the cord blood to determine the frequency of congenital HHV6
infection are now well standardized’ and we have recently developed assays for the determination
of the viral state of HHV6 infection which include an RT-PCR for mRNA of a late structural gene
(gp82—105), a marker of productive infection, and an RT-PCR for latency-associated transcripts
(RT-PCR-LATS) associated with latent, non-productive infection.””* Additionally, we have
developed a real time quantitative PCR for determination of the viral load of HHV6 which is variant
specific.

Audiologic testing of neonates and of young children has been a focus of the research by our
audiology group at the University of Rochester Medical Center, under the direction of Dr. Larry
Dalzell.® Neonates are tested using otoacoustic emissions (OAE) and/or auditory brain stem
responses which possesses a sensitivity of close to 100% for moderate or greater hearing loss in the
newborn. Subsequent audiologic evaluations at 1 to 2 years of age are assessed by behavioral
hearing testing, considered the reliable standard for audiologic evaluation in young children.” This
technique includes visual re-enforcement audiolometry which conditions a child as young as 6 to 12
months to associate a sound stimulus with a light toy re-enforcer, and "conditioned play"
audiolometry in which the child performs an act of play in response to sound.

New and innovative assessments of neurodevelopment, such as the visual expectation paradigm,
as well as the Fagan Infantest, Bayley-II, and Delayed Response Tasks, have been successfully used
at the University of Rochester in prospective studies of children with toxin exposure.””  These
tests have allowed sensitive detection of neurodevelopmental deficits in very young infants and
have been shown to be predictive of subsequent disability.*’

The samples necessary for the laboratory assessments may be feasibly obtained from infants,
including cord blood, small samples of peripheral blood mononuclear cells from venous samples
which potentially could be obtained from left over specimens acquired for other purposes, or
possibly from capillary samples. Since HHV6 is persistent in the saliva, such respiratory samples
may be easily obtained without discomfort to the infant, and urine samples may be obtained by
extracting urine from diapers. Assessment of hearing is recommended by the American Academy
of Pediatrics* during the newborn period and subsequent evaluations along with the
neurodevelopmental assessments are non-invasive and generally acceptable by families.
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